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Introduction
One of the complications associated with obstetrical brachial plexus injury is contracture of the joints of the upper extremity, especially the shoulder. Longstanding contractures can cause osseous deformity, and their prevention, if possible, is importation. In previous studies, a selected population of patients with a shoulder contracture was investigated 5;6;12;17;23;26;31 .
However, the actual prevalence of shoulder contractures in a population of patients with an obstetrical brachial plexus injury as a whole was not determined. In a previous study, we retrospectively collected data on shoulder contractures from case notes in medical records 16 .
We found shoulder contractures in at least one-third of the children with complete but delayed neurological recovery. The prevalence of osseous deformity in a population of patients with an obstetrical brachial plexus injury has, to our knowledge, never been evaluated.
The purposes of this study were to determine the prevalence of shoulder contracture and osseous deformity in a cohort of patients with obstetrical brachial plexus injury who were born during a period of seven years and to identify the possible risk factors associated with the development of contracture and osseous deformity in the shoulders of such patients.
Material and Methods

Subjects
Between January 1, 1991, and January 1, 1998, sixty-one (5.1‰) of the 11,873 children who were born in the Academic Medical Center (AMC), Amsterdam, had an obstetrical brachial plexus injury (group 1). In the same period, nineteen children with the same diagnosis who had been born elsewhere were referred to our Department of Rehabilitation Medicine within six weeks of delivery (group 2). For the purpose of this study, the patients underwent a physical examination with standard positioning (described below) and a radiographic examination of both shoulders. The study was approved by the Medical Ethical Committee of the Academic Medical Center, and the parents of all of the patients were asked to provide informed consent.
In group 1, two of the sixty-one children had a bilateral brachial palsy and were excluded because no reference limb could be used. The parents of two children refused informed consent, and five children could not be traced, leaving fifty-two patients in the group. In group 2, three of the nineteen children were lost to follow-up and the parents of one child declined to have their child participate in the study, leaving fifteen patients in the group. Therefore, the entire study population consisted of sixty-seven children. The demographic data are shown in Table 1 .
Physical examination of all children was performed by one of the authors (AFH).
The children of group 1 were identified from a search of the Obstetric Data Bank at the hospital, and those in group 2 were identified from documentation in the personal database of one of us (AFH). The prevalences of shoulder contracture and osseous deformity were studied in group 1. Groups 1 and 2 were combined to assess any association between shoulder contracture and osseous deformity and to identify possible risk factors for these complications.
All children were assessed by a physiotherapist who instructed the parents to perform gentle exercises twice daily, putting all joints through a full range of motion. Braces to prevent development of shoulder contracture were not used.
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Regular neurological and orthopaedic examinations were performed until the patient had complete recovery. In the first year, follow-up examinations were performed at six weeks (thirty-one patients in group 1 and fifteen in group 2), three months (twenty-nine and eleven, respectively), six months (twenty-eight and twelve, respectively), nine months (twenty-six and twelve, respectively) and twelve months (twenty-five and twelve, respectively). The final physical examination was performed between February 1998 and February 1999, and the mean age (and standard deviation) of the children at that time was 3.7 ± 1.9 years (range, one to seven years).
Orthopaedic examination
All children had an orthopaedic examination with use of standardised positioning, according to the American Academy of Orthopaedic Surgeon's manual on joint motion
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. Passive shoulder function was tested by visual estimation of the passive range of motion (degrees) of total abduction, lateral rotation in adduction, lateral rotation in 90° of abduction and medial rotation in 90° of abduction. Horizontal adduction was classified as reduced or normal compared with that of the contralateral side, without estimation of the degree of motion.
Visual estimation of the range of motion is sometimes described as having a poor 
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. Each major muscle group of the upper limb was assessed, with the child in a standing position. Sensory function was scored as either normal or abnormal.
On the base of this neurological assessment and the sequential neurological findings in the medical records, we were able to divide the children into three subgroups:
Group A consisted of those with early complete neurological recovery (within three weeks after birth), group B comprised those with delayed complete neurological recovery (more than three weeks after birth), and group C included those with incomplete neurological recovery. Groups A and B were differentiated because of the differing risks of contracture
16
. Table 2 . Classification of muscular function in infants according to the system described by Narakas
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M0
Complete palsy, no contraction
M1
Contraction without movement (shoulder, elbow, wrist); slight movement of digits
M2
Incomplete movement when suppressing gravity; weak complete movement of digits
M3
Complete movement with apparently normal force
Radiography
Radiographs were not made for three children as the parents of one child refused radiography and two other children were too tired after the physical examination. In addition, the radiographs of two children were nondiagnostic and therefore excluded. Thus, standardised radiographs of the shoulder, which were made bilaterally in an oblique anteroposterior direction, were available for sixty-two children (forty-eight patients in group 1 and fourteen in group 2). The mean age (and standard deviation) at the time that the radiographs were made was 4.0 ± 1.9 years. The child was placed in the supine position with the arms in neutral rotation and 20° of abduction. Thus, the glenoid projected perpendicular to the x-ray beam (i.e., the posterior and anterior aspects of the rim were superimposed). When the scapula was rotated, the radiograph was repeated to try to optimise the image. Fluoroscopy was not used.
Sixteen patients had had radiographs made previously at a mean age (and standard deviation) of 2.0 ± 1.5 years. These radiographs were used to identify any change in osseous deformity over time (the mean time-interval [and standard deviation] between radiographs was 2.0 ±
years).
The radiographic findings were classified as abnormal if a nonspherical humeral head, a short abnormally formed clavicle, or an abnormal glenoid fossa was evident .
Glenoid malformation was defined as hypoplasia of the inferior aspect of the glenoid promontory that deforms the line between the superior and the inferior aspect of the rim so that it is not perpendicular to the scapular spine. Hypoplasia of the humeral head or scapula and elevation of the scapula were described (if present), but they were not rated as an abnormality. All radiographs were reviewed twice, with an intervening period of more than three months, by a senior skeletal radiologist. The radiologist was not aware of the side of the plexus injury and blinded to his former assessment.
Risk factors
Possible risk factors were collected from the medical records at the Departments of Paediatrics, Neonatology, and Rehabilitation Medicine. These factors were the presence of total or partial plexus involvement immediately after birth, a Horner sign, paralysis of the diaphragm, fracture, hematoma, or muscle ruptures. Information regarding these factors was missing in the medical records of fifteen, forty, thirteen, one, thirteen and one patient, respectively. We collected the neurological and orthopaedic findings at birth (sixty-four patients), at the ages of two weeks (sixty-four), six weeks (forty-six), three months (forty) and six months (forty), and at the time of any previous radiograph of the shoulders (sixteen). A history of shoulder contracture was considered positive when the medical records included documentation that the passive range of motion in at least one plane was decreased by at least 10° compared with that on the contralateral side. We checked for other features that might affect motor performance;
i.e., prematurity, dysmaturity, and signs of cerebral palsy. We obtained information on the ethnic origin, education and occupation of the parents as social factors that might influence treatment.
Finally, the parents were asked if they had noticed whether their child had an asymmetrical appearance. If so, they were asked to indicate how much it bothered them, with use of a visual analogue scale from 0 (do not care at all) to 100 (mind very much).
Statistical analysis
All data were collected and analysed in SPSS for Windows (version 8.0; SPSS Advanced Statistics, Chicago, Illinois). Intraobserver reliability of the radiographic assessment was tested with use of the kappa statistic of the affected side (while the radiologist was not aware of the side of the injury). The Pearson chi-square test was used for the association between shoulder contractures and osseous deformity and for possible risk factors for these complications. A p value of < 0.05 was considered significant 2 .
Results
The prevalence of shoulder contracture (a decrease in the passive range of motion of >10°c ompared with that of the contralateral side) was 56% (twenty-nine of fifty-two patients) in group 1. Stratification according to age is shown in Table 3 . In the children in whom complete neurological recovery was delayed (i.e., recovery after more than three weeks after birth), the prevalence of shoulder contracture was 54% (thirteen of twenty-four patients). With a decrease in passive range of motion of 20° and 30° as cut-off points, the prevalence of shoulder contracture was 31% (sixteen) and 17% (nine), respectively. When the patients in groups 1 and 2 were combined, forty children had a reduction in passive range of motion of >10° in one or more directions. The most frequently affected direction was horizontal adduction (thirty-three patients) followed by lateral rotation in adduction (twenty-six), lateral rotation in abduction (twenty-four) , total abduction (twenty-one) and medial rotation (fifteen). The most seriously affected direction was lateral rotation in adduction (median reduction, 20°; range, 10 to 90°), followed by medial rotation (median reduction, 15°; range, 10 to 50°) and lateral rotation in abduction (median reduction, 13°; range, 10 to 50°). The median reduction of total abduction was 10° (range, 10 to 60°). Only one child, who had a flail arm, had a combined decrease of lateral rotation (of 20°) and an increase of medial rotation (of 20°).
In the forty-six children (thirty-one in group 1, fifteen in group 2) who were evaluated at multiple times, twenty-eight (eighteen in group 1 and ten in group 2) had a previously documented shoulder contracture. The twenty-eight children all had limited passive range of motion at the time of investigation. No important change in degree of contracture with age could be detected. The median age of these children at the time that a shoulder contracture was first documented was 0.3 years (range, 0.1 to 2.7 years). Shoulder contracture was initially identified within three months after birth in four patients and within six months in seventeen ( Figure 1 ).
The intraobserver reliability of the assessment of the radiographs indicated good agreement (the kappa value for the affected side was 0.71).
The prevalence of osseous deformity in group 1 was 33% (sixteen of forty-eight patients with complete radiographic follow-up). The prevalence according to age is shown in Table 3 .
Of the twenty-three children in group 1 who eventually had complete but delayed neurological recovery, six (26%) had an osseous deformity. When the patients in groups 1 and 2 were combined, twenty-five children demonstrated an osseous deformity on plain radiography. An * A shoulder contracture was defined as a decrease in passive range of motion of > 10° compared with that on the contralateral side. The values are given as the numbers of patients with a contracture or a deformity as part of the total number of OBPI children with the same age. # No radiographs were available for two children, and the radiographs of two other children were nondiagnostic Age (years) Table 3 . Prevalence of shoulder contracture and osseous deformity, according to age, in group 1* Figure 1 . Age of the twenty-eight children at the time that a shoulder contracture was first documented in the medical records. Children in whom a contracture was documented for the first time during examination for this study were excluded from this figure abnormal glenoid fossa was seen in twenty (80%) of them ( Figures 2, 3 -a, and 3-b), and a nonspherical humeral head was seen in eight (32%) (Figure 2 ). No abnormalities of the clavicles were seen in the radiographs. Other differences that were seen on presentation included a hypoplastic scapula (four children), an elevated scapula (six), a hypoplastic humeral head (seventeen) and delayed ossification of the humeral head (fourteen) (Figures 2, 3 -a, and The development of shoulder contracture or osseous deformity was not found to be associated with the ethnic background or social class of the parents (data not shown). As expected, however, both shoulder contracture and osseous deformity were found to be strongly associated with the speed and extent of neurological recovery, according to Pearson chi-square comparisons. Specifically, a significant relationship was found between the speed of recovery and shoulder contracture (chi-square = 41.4), the speed of recovery and osseous * An association was found between contractures of >10° and osseous deformities (Pearson chi square = 8.28, p = 0.004. † Data were missing for five patients: three had no radiographs and two had a nondiagnostic radiographs. Four of the five had a contracture. ¶ pROM = passive range of motion Table 4 . Association between shoulder contractures (>10°) and osseous deformities in groups 1 and 2 combined deformity (chi-square = 19.3), the extent of recovery and shoulder contracture (chi-square = 25.2), and the extent of recovery and osseous deformity (chi-square = 18.5) (p = 0.0001 for all) ( Table 5 ). The presence of a clavicle fracture at birth was found to be associated with osseous deformity of the glenohumeral joint (p = 0.016), but not with shoulder contracture (Table 6 ). Other initial signs, such as total plexus involvement, a Horner sign, diaphragm dysfunction, or hematoma, showed no association with shoulder complications. Muscle rupture was not documented in our cohort. Only one child showed signs of cerebral palsy, two were classified as premature infants, and two were classified as dysmature infants. We could not perform statistical analysis on these data.
The parents of twenty-nine children noticed that their child had an asymmetrical appearance.
The median value of the visual analogue scale, indicating how much this appearance bothered the parents, was 29.5 (the twenty-fifth percentile was 3.3, and the seventy-fifth percentile was 95.0;[ Figure 4 ]; the data for one child was missing because of a language problem). The parents of nine of the twenty-nine children mentioned the asymmetrical posture although the child showed complete neurological recovery. These children had no other abnormal physical signs, apart from a shoulder contracture. Therefore, the shoulder contracture may account for this asymmetry. (One child showed a limitation of lateral rotation of > 40°, one had 20° limitation of lateral rotation, one had 20° decrease in medial rotation, the others just had limitation of 10° in one or more directions).
Discussion
To our knowledge, this is the first study in which the prevalences of shoulder contracture and osseous deformity in the general population of patients with obstetrical brachial plexus injury have been described without bias by patient selection 13;22;28;33;34;40 . * Missing data: when data on initial symptoms could not be found in the medical records. This was especially the case concerning the Horner sign. † Significant association between clavicle fracture at birth and osseous deformity at a later stage; Pearson chi-square = 5.84, p = 0.016. ¶ pROM = passive range of motion Table 6 . Association between initial signs as documented directly after birth, and shoulder contracture (>10°) and osseous deformity in groups 1 and 2 combined contracture in our unselected patient population was very high (56%), which may have been due to our definition of shoulder contracture; i.e., a difference between the sides of >10° of passive range of motion in one or more directions. Although 10° of restriction may not be clinically relevant, we believe that our definition was accurate in determining whether there was any restriction of mobility. The accuracy of the definition was confirmed by the parents' observation of an asymmetric appearance in children with no neurological deficit who were shown to have a decrease in passive range of motion of only 10°. The prevalence of contractures of >20° and >30° was also high (31% and 17%, respectively). With two exceptions, contractures generally were first documented within the first six months. All twenty-eight children who had previous documentation of a shoulder contracture showed limited mobility at the time of the study, despite intensive physiotherapy. Thus, we found that, once a shoulder contracture was present, it did not disappear, and this observation confirmed the impact of the complication.
The prevalence of osseous deformity in our cohort was high (33%, sixteen of forty-eight), even in those with complete neurological recovery (26%; six of twenty-three). A strong association between contracture and osseous deformity of the shoulder was found. Although this association seems logical, it has, in fact, been described in only one study 22 , as far as we know. A single oblique anteroposterior radiograph is not sufficient to determine glenoscapular angle and the degree of incongruity of the glenohumeral joint 11;22;34 , which are variables that are necessary for preoperative evaluation. However, the purpose of our study was to address the prevalence of shoulder complications in the entire population of children with an obstetrical brachial plexus injury in order to create awareness of the extent of these contractures and bony deformities during the rehabilitation process. The sixteen children who had previous radiographs did not have normalisation of the osseous deformity, a finding that is similar to those of Pearl et al.
22
, and of Waters et al.
34
, who noticed progressive glenohumeral deformity with increasing age.
The main factors associated with both shoulder contracture and osseous deformity were speed and extent of neurological recovery, as has been reported earlier 5;6;9;12;17;23;26;31;32;34 . In our study, contrary to popular opinion, the initial symptoms, such as total plexus involvement, a Horner sign, or diaphragm dysfunction, did not appear to be prognostic factors in the development of shoulder problems. Of course, it is possible that these findings were not always accurately diagnosed or documented. In fact, documentation indicating whether a
Horner sign was present was found in only 40% of the medical records. Nevertheless, on the basis of our data, we could not detect any neurological symptoms in the first week following birth that could indicate which child was most at risk for shoulder complications. . Assessment of the radiographs of the children with concurrent clavicular fracture has not led us to develop any specific hypothesis about the nature of that injury.
The clinical importance of our findings is threefold. First, even a mild contracture may be responsible for an abnormal appearance of the shoulder girdle that can bother the parents very much. Second, the development of osseous deformity of the shoulder is not fully understood. It cannot be completely explained as a consequence of muscular imbalance.
Third, the development of these complications starts early in life, without initial symptoms that can alert us. The implication of these findings is that the current conservative as well as operative methods of treatment require greater scrutiny
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.
